Background: Temporality between socioeconomic status (SES), depressive symptoms (DS), dietary quality (DQ), and
Introduction
Depression and obesity are 2 global public health problems, with major depressive disorder ranking among the top 10 disability causes worldwide (1, 2) . Obesity is often comorbid with depression (3) . Obesity is also an independent risk factor for cardiovascular disease, with visceral fat or central adiposity (CA) 9 suggested as the primary mechanism, particularly among women (4) .
There are inconsistent findings on the association between depression and obesity. Cross-sectional studies suggest that obesity causes depression (5) (6) (7) (8) (9) , although others support an opposite temporal direction (10) (11) (12) (13) (14) A U-shaped relation between adiposity and depression was also uncovered (9) , a few studies found an inverse relation (9, 15, 16) , but several detected no association (17) (18) (19) (20) (21) . Cohort studies positively associated depression with adiposity in one or both temporal directions (6-8, 10, 22-28) .
Sociodemographic factors such as sex (5, 6, (8) (9) (10) (11) (12) (13) (14) (15) (27) (28) (29) , age, race, and socioeconomic status (SES) play a role in the association between depression and obesity (5, 7, 11-13, 28, 30) . CA is influenced by lifestyle factors such as diet quality (DQ) and physical activity (11, 12, 14, 31, 32) , which also have been linked to depressive symptoms (DS) (5, 11, 12, 14, (33) (34) (35) (36) (37) (38) . Because parental SES and cultural influences are stable factors predetermined early in life, it is likely the most antecedent variable in the causal pathway, potentially affecting DS, DQ, and CA, perhaps differentially by sex and race. Many of the studies examining similar research questions were unidirectional and cross-sectional in nature. Only a few recent studies looked at the relation between depressive symptoms and obesity in a bidirectional manner (6, 22, 24) . Our study goes a step beyond this to include DQ and examine SES as an antecedent factor, while uncovering the most likely temporal relations between diet, DS, and CA in a sample of urban adults.
The Healthy Aging in Neighborhood of Diversity across the Life Span (HANDLS) provides an opportunity to study the association between SES, DS, DQ, and CA over a mean period of ;5 y and test temporal associations between those key variables.
As an extension to a previous study that used only baseline crosssectional data in HANDLS (11) , the present study uses longitudinal data to examine 1) SES disparities in CA, DS, and DQ, as well as moderation by sex and race, and 2) alternative structural equations models (SMs) linking SES, DS, DQ, and CA, stratified by sex and race, and with SES considered the most antecedent variable in all models.
Specifically, this article focuses on the following subaims: the associations between SES and the key measures of interest both at visit 1 (v1), visit 2 (v2), mean across visits (m), and annual rate of change (D); testing heterogeneity of those associations by sex and race; testing alternative SMs and finding best fit; changing the temporal relation between the key variables, with the exception of SES; testing heterogeneity by sex and race; examining more closely the mediating effects of intermediate variables in the best-fitting models; and finally, examining those mediating effects within each sex 3 race group.
Methods
Database HANDLS is a prospective cohort study of a representative sample of African American men (AAM), African American women (AAW), white men (WM), and white women (WW) aged 30-64 y at v1. Study participants were recruited by household screenings as a fixed cohort, with the use of an area probability sampling design covering 13 census segments in Baltimore. Data were collected in 2 separate phases at v1 [2004] [2005] [2006] [2007] [2008] [2009] ; also known as wave 1 (39) ]. Phase 1 assessed sociodemographic information, as well as physiologic and psychologic chronic exposure, and included the first 24-h dietary recall. Phase 2 consisted of in-depth examinations in mobile medical research vehicles and included a second 24-h dietary recall and psychometric, anthropometric, and body composition measurements (40) . V2 of HANDLS was initiated in 2009 and completed in 2013 (also known as wave 3). The protocol for v2 was a medical research vehicle examination followed by a telephone interview.
The study was approved by the Institutional Review Board of the National Institute of Environmental Health Sciences, NIH. All participants provided written informed consent.
Study population
Follow-up time between v1 and v2 ranged from <1 to ;8 y, with a mean 6 SE of 4.88 6 0.03 y. HANDLS initially recruited 3720 participants (sample 1), of whom 669 had complete data on CA measures [waist circumference (WC) and trunk fat (TF) in kilograms] only at v1 (sample 2a); 202 had those CA measures available only at follow-up (sample 2b) and 1821 at both visits (sample 2c). Among those, DQ (with the use of two 24-h recalls) was available at both visits simultaneously in 1332 (sample 3). Moreover, participants with missing data on DS and education (y) were excluded, yielding 1064 (sample 4) (Supplemental Figure 1) . Participants in sample 4 compared with others in sample 1 had a higher proportion African Americans (69% compared with 60%; P = 0.001), a marginally lower percentage of men (42.5% compared with 47.9, P < 0.10), and a marginally higher proportion of self-rated health as very good/excellent (41% compared with 37%, P < 0.10).
Central adiposity outcomes. Two CA measurements were used. First, WC was assessed with a tape measure applied to the hip bone, wrapping around the waist at the navel, keeping the tape parallel to the floor, and ensuring that the person was not holding his or her breath and that the tape was not wrapped too tight or too loose. WC was estimated to the nearest 1/10th of a centimeter. DXA was performed with a Lunar DPX-IQ (Lunar Corp.) at v1 and Hologic Discovery QDR (Bedford, Massachusetts) at v2, with scans measuring total tissue, fat and lean mass, and regional fat mass, among others. A comparability substudy indicated that findings from Lunar and Hologic scans were valid and comparable at v1. From DXA scans, TF provided a second measure of CA. Principal components analysis combined WC and TF into a single measure at each visit. The central adiposity factor score derived from a principal components analysis of waist circumference and trunk fat (kg) (Adip cent ) (a standardized z score), was entered into a mixed-effects linear regression model with time. An empirical Bayes estimator of the slope for each individual was obtained, reflecting individual-level D in CA (DAdip cent ). Moreover, m of Adip cent [Adip cent (m)] was also computed for each individual. Those variables were included in the SMs whenever they were the outcomes of a baseline variable aside from SES and the predictors of the final follow-up outcome.
Depressive symptoms assessment
Cognitive and neuropsychologic tests were administered at both visits by trained psychometricians (41) . Tests included the Center for Epidemiologic Studies-Depression (CES-D) scale, a 20-item self-report symptom rating scale that emphasizes the affective, depressed mood component (42) . Factorial invariance in the CES-D structure was demonstrated when contrasting results from NHANES I with HANDLS (43) . We used only the CES-D total continuous score. Similar to Adip cent , CES-D total score was measured at v1 and v2, CES-D(m), and as DCES-D with a mixed-effect regression model. Measuring cups, spoons, ruler, and an illustrated Food Model Booklet were used as measurement aids. Trained nutrition professionals coded recall data, matching foods consumed with 8-digit codes from the Food and Nutrient Database for Dietary Studies (45) .
DQ was assessed with the 2010 Healthy Eating Index (HEI). Steps for calculating the HEI are available from the National Cancer Institute (46) and the National Institute on Aging (47) . The HEI was calculated for each day of the two 24-h recalls (days 1 and 2) and then averaged to obtain the mean 2010 total and component scores. Only the total score of HEI for v1 and v2 was used in the present study. With the use of a mixed-effect regression model, the D for HEI total score (DHEI) was measured. Similarly, the mean between the 2 visits was another intermediate variable of interest [HEI(m)]. SES SES was measured by completed years of education and poverty status (poverty income ratio <125%: below poverty; poverty income ratio $125%: above poverty). A principal components analysis of education (y) and poverty status was conducted, yielding a standardized SES factor score.
Covariates
Most analyses were stratified simultaneously by race (white compared with African American) and sex. Other covariates included age (y), marital status (married compared with unmarried), smoking status (0 = never, 1 = former smoker, and 2 = current smoker), and drug use (marijuana, cocaine, and/or opiates; coded as 0 = never, 1 = former user, and 2 = current user).
Statistical methods STATA release 13.0 (StataCorp LP) was used in all analyses. The descriptive part took into account design complexity and unequal probability of sampling by including sampling weights and obtaining representative estimates of means and proportions with standard errors with the use of Taylor series linearization. The Wald test from regression models (linear regression for continuous variables and logistic regression for categorical variables), taking into account sampling weights (Stata survery command:linear regression), was used to compare means across race 3 sex groups, considering WW as the referent category.
Beyond the descriptive parts of the analysis, several multiple regression models and path analyses were run for 2 specific purposes: 1) testing SES differences in HEI, CES-D, and Adip cent measures (v1 and v2, m, and D), both overall and stratifying by race and sex, while testing the significance of interaction terms in a separate model, specifically SES 3 race 3 sex, at a type I error of 0.05. Sampling design complexity was also adjusted for in those models by adding the sampling weights. In those models, v1 age, marital status, smoking, and drug use were adjusted for, in addition to the inverse Mills ratio. The latter was predicted from a probit model with a binary outcome (1 = selected compared with 0 = not selected into final sample), with key predictors being v1 age, sex, race, poverty income ratio, and education. This method to adjust for sample selectivity (2-stage Heckman selection) is described elsewhere in more detail (11, 48) . 2) Testing relations between SES, CES-D, HEI, and Adip cent by switching temporal relations between those key variables while controlling for exogenous variables of v1 age, marital status, smoking, and drug use behaviors, as well as the inverse Mills ratio, and keeping SES as the most antecedent endogenous variable. It is assumed in this model that a baseline variable other than SES precedes change between the visits (or mean between visits) in a second distinctive variable, which in turn precedes the follow-up value of a third variable. Thus, permutation of the temporal relations between CES-D, HEI, and Adip cent gave 6 possible models, and additional permutations of the 2 different ways of measuring the intermediate variable yielded a total 12 possible models. Consequently, a set of 12 SMs was estimated, first in the total sample and, second, stratifying by sex and race. In all those models, SES was an endogenous variable, which was allowed to predict all other outcome variables (i.e., CES-D, HEI, and Adip cent measures). The set of equations and hypothesized models is presented in Supplemental Figure 2 . This part of the analysis was not adjusted for sampling design complexity to obtain appropriate model fit indexes (49) .
Global model fit often evaluated in SMs include the comparative fit index (close fit when close to 1), the Akaike information criterion (AIC), the Bayesian information criterion (BIC) (smaller numbers indicate better fit), the root mean error of approximation with its 90% CI [close fit when root mean error of approximation close to zero (<0.05), reasonable fit when between 0.05 and 0.08], and the standardized root mean squared residual (<0.08 for close fit) (49) . However, given that our models were saturated (just-identified, with zero degrees of freedom) and our goal was to compare nonnested models, the only fit indexes that were available were the AIC and BIC. Thus, best fit was determined with the lowest AIC/BIC criteria with a relative margin of difference of 5%. Two or more models were chosen if they were within this 5% margin of difference from the model with the lowest AIC/BIC (49) . For the selected model(s), a multigroup analysis was conducted to determine whether the hypothesized model was equal across groups, with the use of a standard Wald test (49) .
Furthermore, for all models, the mediation proportion (MP, %) was estimated to quantify the proportion of the total effect of a variable explained by a particular pathway or indirect effect (50, 51) . MP is presented only when the total effectÕs associated P is <0.10. A cutoff of 10% or higher for MP is used to indicate substantial mediation. Moreover, the significance of the indirect, direct, and total effects is also reported and described.
Results
Characteristics of study population: Sex 3 race differences. Taking WW as referent, educational attainment was lower and poverty status was more prevalent among AAM and AAW than among WW ( Table 1) . Proportion married was higher among WM than among WW (44.7% compared with 35.7, P < 0.05), and a higher prevalence of current smoking was found among AAM and AAW than among WW (62.1% and 40.7% compared with 23.7%, P < 0.05). This was also the case for current illicit drug use, when AAM was compared with WW (28.1% compared with 9.0%, P < 0.05). CES-D(v1, m) were more elevated among WW than among WM. However, no race 3 sex differentials were noted for DCES-D, which indicated an increase in depressive symptoms over time.
DHEI indicated an improvement in overall dietary quality in all groups, with the fastest rate of increase observed in WW (mean: 0.86 compared with 0.70-0.75/y in other race 3 sex groups, P < 0.05). WW had a higher mean total score on the HEI (v1, v2) than did the other groups. No race 3 sex group difference in DCA was noted when using WW as the referent, although Adip cent was increasing over time at 0.05-0.07 SDs/y. The mean WC was significantly higher among WM and AAW than among WW, whereas the mean TF was higher in AAW than in WW and significantly lower among WM and AAM than among WW.
Socioeconomic differences in DS, DQ, and CA within each race 3 sex group. Adjusted SES differences in CES-D, HEI, and Adip cent are presented in Table 2 . SES factor score was consistently inversely linked to CES-D(v1, v2, m) and to DCES-D among WW and AAW. SES was also positively related to HEI (v1, v2, m) and DHEI with a significantly and consistently stronger association observed in WW than in AAW. Among WW, SES was inversely related to Adip cent across waves but not to DAdip cent . SESÕs inverse association with Adip cent was stronger among WW compared with both AAW and AAM (P-interaction < 0.05 for the SES 3 sex 3 race term).
Findings from SM: overall study population pathways. Supplemental Table 1 presents findings for all 12 SMs for the total study sample. With the use of the lowest AIC/BIC criteria, best fit was found for models 3 and 11. Key findings from those models are highlighted in Figure 1 . at NIH Library on July 1, 2017
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Conversely, model 11 suggested that most total effects of interest were accounted for by direct associations. Specifically, the SES/CES-D(v2) total effect was not explained by the Adip cent (v1)/DHEI pathway based on the values of MP, although the indirect association of SES/DHEI through Adip cent (v1) was statistically significant (+0.0010, P < 0.05). Thus, in model 11, SES was an independent predictor of Adip cent (v1) (20.069), DHEI (+0.037), and CES-D(v2) (22.70), with Adip cent (v1) also marginally predicting DHEI (20.014) and CES-D(v2) (+0.67) (P < 0.10).
Findings from SM: across race and sex pathways. Supplemental Tables 2-4 present findings for all 12 SMs, stratified by race and sex. The selected models (models 3 and 11) are highlighted in Figure 1 . Moreover, statistically significant differences across groups are also indicated for each path coefficient based on multigroup analysis. Among WW in model 3 ( Figure 1A , Supplemental Table 2), ;22% of the total effect of SES on Adip cent (v2) (20.35) was mediated through several pathways involving CES-D(v1) and DHEI, particularly the pathway going from SES/(+0.008)DHEI/(20.96)Adip cent (v2), thus bypassing CES-D(v1).
In model 11 ( Figure 1B , Supplemental Table 4 ), among WW, the total effect of SES/DHEI(+0.056) was partially mediated through Adip cent (v1) (MP = 28.6%). In fact, SES was inversely related to Adip cent (v1), which was in turn inversely associated with the rate of change in HEI [SES/Adip cent (v1): 20.033; Adipcent(v1)/DHEI: 20.048], yielding a significant positive indirect effect of SES/DHEI through Adip cent (v1) (+0.016).
Among WM and in model 3 ( Figure 1A , Supplemental Table  2 ), the direct association between SES and DHEI was positive (+0.080), whereas the indirect association through CES-D(v1) was an inverse one (20.021). Similarly, the indirect relation between SES and Adip cent (v2) in WM was a positive one overall (+0.04), with an inverse direct relation found between SES and Adip cent (v2) (20.28) . This uncovers that the direct and indirect pathways from SES to Adip cent (v2) had opposing effects among WM.
Model 11 findings in WM ( Figure 1B , Supplemental Table 4 ) were comparable to the overall population, with only direct unmediated associations found between SES/(+0.060)DHEI and SES/(23.14)CES-D(v2) and a direct inverse relation (20.12) between SES and Adip cent (v2).
Among AAW (models 3 and 11), the only associations in those models that were significant were an inverse direct relation (22.12) between SES and CES-D(v1) in model 3 and a similar relation between SES and CES-D(v2) in model 11 (23.13 ). Based on model 11, Adip cent (v1) was only marginally positively associated with CES-D(v2) in this group (+0.97, P < 0.10).
In addition to an inverse SES/CES-D(v1, v2) among AAM [models 3 (21.27) and 11(21.74)], a direct positive relation between SES and Adip cent [v2(+0.14), v1(+0.11)] was also detected in both models as well. Thus, unlike the pattern found in the total population, a higher SES among AAM was linked to higher amounts of Adip cent that was not mediated by CES-D(v1) or DHEI.
Discussion
To our knowledge, our present study is the first to compare models depicting longitudinal relations between SES, DS, DQ, and CA with the use of extensive data on white and African American urban adults that included DXA TF measurements. (2) and CES-D(v2, +) (P < 0.10). These findings indicated, among others, that depressive symptoms and central adiposity had a marginally significant bidirectional association. Although best fit was consistent across race 3 sex categories, path coefficients differed significantly between groups. Specifically, SES/Adip cent (v1, v2) was a positive association among AAM (P < 0.05), and the positive direct relation between Adip cent (v1) and CES-D(v2) found in the total population was specific to AAW (P < 0.10).
Only a few cohort studies (6-8, 10, 22-28) have reported a direct association between obesity and depression, of which 3 found bidirectional associations (6, 22, 24) . With the use of a large Finnish birth cohort (n = 8451, aged 14 y at v1, 31 y at v2), Herva et al. (6) observed that abdominal obesity among males was closely linked to concomitant depression, whereas being overweight/obese in both adolescence and adulthood may be a risk of depression among females. Moreover, Pan et al. (22) (NurseÕs Health Study; n = 65,955; follow-up time: 10 y; women/age range = 54-79 y/white and other) found that baseline depression was associated with an increased risk of obesity at follow-up, whereas baseline obesity was linked to an increased risk of depression at follow-up. Singh et al. (24) demonstrated a similar bidirectional relation among women in a slightly younger age group (45-50 y; follow-up: 12 y), whereby weight gain was associated with an increased prevalence and incidence of depression, and women with prevalent and incident depression had an increased risk of weight gain.
In contrast, the remaining cohort studies found an association in 1 of 2 temporal directions. For instance, with the use of data on 2251 adults residing in Baltimore, with a mean baseline age of 57.9 y, Sutin and Zonderman (26) found that women who experienced depressed affect had greater increases in BMI and waist and hip circumference across the adult life span. In contrast, baseline adiposity was unrelated to DS trajectory for both sexes. Another study based in Baltimore, covering several ethnicities (men and women, aged 30-89 y at baseline, n = 1071), found that baseline depression predicted weight gain during the 11-y follow up (23) . Conversely, 3 other cohort studies found an association within specific sociodemographic groups, between baseline obesity or adiposity and follow-up depression (7, 8, 27) . Our study suggested that the association between v1 DS and v2 CA, although a marginally significant one, was among 2 mechanisms mediating the SES disparity in v2 CA. Moreover, v1 CA was also directly linked to v2 DS, specifically among AAW (P < 0.10). Despite best fit being ascribed to model 3, the closeness of fit to model 11 makes both pathways biologically plausible, although each one entails a very different mechanism by which SES is linked to DQ, DS, and CA and different bidirectional relations between those endogenous variables.
A causal pathway for the direct link between depression and leptin resistance, altering appetite and reducing DQ, which in turn increases adiposity, is supported in the literature (52, 53) . However, our findings indicated that higher baseline DS can potentially improve DQ over time, particularly among WM. Thus, the direct DS-CA relation is better explained by hypercortisolemia, previously shown to be associated with depression, greater abdominal fat deposits, and the metabolic syndrome, independently of food intake (54) (55) (56) .
The second main pathway explaining the SES disparity in CA, particularly among WW, bypasses DS and is mediated through a faster improvement in HEI with higher SES. The latter phenomenon [i.e., SES/(+)DHEI] is potentially mediated by better food security (57) (58) (59) (60) , better access to a healthy food environment in wealthier neighborhoods (61-64), lower concerns about food prices (51, 65, 66) , and knowledge of healthy dietary habits (51, 66, 67) .
In the second best-fitting model, WW experienced a positive relation between SES and change in DQ, which was partially mediated by v1 CAÕs inverse relation with both SES and change in DQ. This meant that WW with greater abdominal fat accumulation were less likely to improve their diets over time compared with women with less fat accumulation. This is a novel finding that, to our knowledge, has not been previously reported in longitudinal studies.
Moreover, higher v1 CA was directly but marginally associated with higher v2 DS, particularly among AAW, a finding reported by others (7, 8, 22, 24, 27) . This temporal relation can be explained by a lower level of physical activity, body image dissatisfaction, and poor self-esteem, all of which can increase DS severity (14, 68) .
Furthermore, our finding of a positive total effect of SES on both v1 and v2 CA among AAM may be attributed to differential ideal body image and body dissatisfaction in this race 3 sex group, particularly compared with whites (69), with a gap in values becoming more apparent with increased wealth. This finding may also be indicative of reduced physical activity with increased wealth among this race 3 sex group.
Despite its much strength, including measuring TF with DXA and using SM, our study had a few limitations. First, the residual or direct effect of SES on DS and CA may partly be due to SES disparities in physical activity. HANDLS lacked a reliable baseline measure for physical activity, precluding a test this pathway. Second, DQ was based on 2 self-reported 24-h recalls carrying both random and systematic errors. Although random errors in relation to outcomes (e.g., DS and CA measures) may bias the effect toward the null value, systematic errors could cause bias in either direction. Third, the unequal sample sizes between the race 3 sex groups may yield more statistical power for AAW compared with the remaining 3 groups.
In conclusion, despite consistent model fit, longitudinal pathways linking SES, DQ, DS, and CA differed markedly between race 3 sex groups. Specifically, although in AAW, unhealthy eating may not underlie the DS-CA association, and SES is directly and positively associated with CA among AAM, overall and among WW, DS and unhealthy DQ may both contribute to an inverse relation between SES and CA. Therefore, the potential effects of depressive symptoms on dietary behavior or CA or vice versa should be examined more closely within each of those 4 groups to assess the potential effectiveness of various interventions, particularly those targeting mental health, healthy eating behavior, and CA.
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